only suitable primary energy resource for the production of low-cost, large-amount, and high-availability energy (e.g., cellulosic ethanol or biodiesel) that can replace fossil fuels (Hamelinck et al., 2005) . Despite significant advantages of lignocellulosic biomass, its utilization is problematic due to its recalcitrant characteristics, which could be overcome by the development of a practicable, pretreatment process (Wyman, 2007) .
Thus, many types of pretreatment processes suitable for the lignocellulosic biomass that augment fermentable sugar yield have been developed. In particular, organosolv pre-treatment has been considered a promising method for lignocellulosic biomass containing high lignin (Holtzapple and Humphrey, 1984) . This pretreatment is performed using organic solvents (e.g., methanol, ethanol and acetone) in the presence of an acid or alkali catalyst to solubilize lignin and hemicellulose from the lignocellulosic biomass (Pan et al., 2006) .
Organosolv pretreatment can achieve a high glucose yield from a lignocellulosic biomass (Pan et al., 2007; Park et al., 2010; . In addition, organosolv lignin extracted from the organosolv pretreatment process has a relatively high purity and diverse application (El Hage et al., 2010) .
Among the lignocellulosic biomass, yellow poplar (Liriodendron tulipifera) is one of the most attractive rapid-growth species identified as a renewable and sustainable resource for bioenergy production. Yellow poplar has a short harvesting cycle and has great adaptability to a variety of climatic and soil conditions. Thus, yellow poplar has been researched for sugar and ethanol production.
Slurry composting and biofiltration liquid fertilizer (SCBLF) was developed in South
Korea as an alternative approach that mitigates both environmental and economic burdens of livestock excreta (Dauden and Quilez, 2004; Sanchez and Gonzalez, 2005) . SCBLF is convenient to use, is clean, odorless, and homogeneous compared to other general liquid fertilizers. Hence, SCBLF has been mostly applied to crops such as rice (Kim et al., 2004) and red peppers (Lim et al., 2008) , and recently its applications have increased to the production of lignocellulosic biomass (Lim et al., 2008; Kim et al., 2011) .
The present study focused on the effect of SCBLF on the biomass characteristics and sugar production of yellow poplar, and the optimization of organosolv pretreatment for sugar production. First, yellow poplar was treated with SCBLF to examine the biomass characteristics, and then SCBLF-treated yellow poplar was pretreated with organosolv to improve enzymatic hydrolysis. The effects of SCBLF treatment and different pretreatment variables on sugar production were analyzed and compared. These results showed the feasibility of the SCBLF treatment and the ability of the organosolv pretreatment to maximize sugar yields.
MATERIALS AND METHODS

Raw materials
Five-year-old yellow poplars, grown at Eocheon Experimental Forest, Hwaseong-si, Gyeonggi-do, South Korea and managed by the Korea Forest Research Institute, were used for this experiment. The SCBLF was manufactured by the National Institute of Animal Science and the chemical characteristics were followed throughout the study (Table 1) .
SCBLF treatment
To investigate the effects of SCBLF treatment on biomass characteristics and sugar production, experimental plots were divided into control and SCBLF treatment plots. After evaluating nitrogen content, we determined each tree would receive 20 ℓ per week -1 of SCBLF for a specific period during certain years (i.e., 
Biomass production
One tree randomly chosen from each experimental plot was cut down and its twig and (1)) was measured based on the filtered WIS weight after pretreatment, and the pretreated biomass was stored at 4℃ without the drying process for enzymatic hydrolysis.
Inorganic content
(1)
The logarithm of the combined severity factor (log CS, Eq. (2)) was calculated from room temperature pH, the reaction temperature T (℃), and reaction time t (min) without considering preheating time (Chum et al., 1990 ):
(2)
Enzymatic hydrolysis
A total of 1 g of pretreated biomass (oven 
In addition, to identify the productivity of sugars from the organosolv pretreatment and enzymatic hydrolysis process, the overall sugar yield based on the initial input (Y 2 , Eq. (4)) was calculated. was used for determination of sugars and inhibitory compounds, and a refractive index detector (HP 1100, Hewlett Packard, USA) was used to quantify the products. (Kim et al., 2012) . These results are likely due to the nutrients (e.g., nitrogen, phosphorus, and potassium) in the SCBLF, which promote favorable biomass physiological conditions such as chlorophyll content or leaf area (Klooster et al., 2012) . Mean leaf area and total nitrogen values in leaves were previously reported to be much higher in SCBLF-treated poplar, accordingly, the average height growth and diameter at breast height were increased 18% and 41%, respectively, by the SCBLF treatment (Lim et al., 2008) . These results indicate SCBLF is an adequate fertilizer for biomass production.
Data analysis
Chemical composition of yellow poplar was slightly altered by the SCBLF treatment (Table   2 ). Glucose, xylose and total lignin contents were not significantly different between control and SCBLF-treated yellow poplar. Table 3 shows exchangeable cation contents in the yel- 1.1 ± 0.1
0.4 ± 0.0
SCBLF treatment 2.6 ± 0.7
1.1 ± 0.0 1.4) ). Similar results showed a higher degradation rate with the low logarithm of the combined severity factor (Shi et al., 2011) .
These results are potentially due to the reaction temperature and acid concentration affecting WIS recovery rate more than the reaction time.
As a result, many researchers use the log CS as the indicator of energy cost or pretreatment efficiency (Goh et al., 2011) . But to be used for that purpose, improvement of the equation may be necessary.
Enzymatic hydrolysis yield of the control and SCBLF-treated yellow poplar are shown in Table 4 . Similar to WIS recovery rate, SCBLF treatment did not significantly influence the enzymatic hydrolysis yield, despite being slightly higher in SCBLF-treated yellow poplar. WIS recovery rate of both control and SCBLF-treated yellow poplar, pretreated at 140℃, with 0.5% acid concentration for 15 min was similar to pretreatment at 133.2℃, with 1% acid concentration for 10 min, but enzymatic hydrolysis yield was significantly enhanced. This result confirmed that reaction temperature was a more important variable than acid concentration or reaction time as described earlier. In comparison to previous results that approximately 80% monomeric sugar was yielded from organosolv pretreatment at 150℃ with an alkali catalyst, the higher enzymatic hydrolysis yield was obtained with the lower reaction temperature and catalyst concentration .
Additionally, in dilute acid pretreatment, enzymatic hydrolysis yield of glucose was approximately 85% at a log CS of 2.6, despite using rice straw as a raw material (Hsu et al., 2010) .
In the present study, a high enzymatic hydrolysis yield of glucose over 100% was obtained from pretreatment conditions at a log CS of 1.3. In summary, organosolv pretreatment with an acid catalyst is more effective and economic than organosolv pretreatment with an alkali catalyst or dilute acid pretreatment, because of advantages such as simultaneous solubilization of lignin and hemicelluloses (Kumar et al., 2009 ).
Overall sugar yield
Enzymatic hydrolysis yield of glucose and WIS recovery rate were mostly in an inverse proportion to each other. In other words, enzymatic hydrolysis yield of glucose was enhanced with the decrease of WIS recovery rate, when reaction temperature, acid concentration, and reaction time were increased. Thus, the overall sugar yield from organosolv pretreatment and enzymatic hydrolysis was calculated (Table 4 ).
The highest overall glucose yield (44.0%) was achieved from pretreatment of SCBLF-treated yellow poplar at 140℃ with 1.5% acid concentration for 5 min (log CS: 0.7). Higher overall glucose yield was attained from the early 50% of WIS recovery rate, irrespective of SCBLF treatment. From this point, overall glucose yield declined because the decrease rate of WIS recovery rate was much higher than the increase rate of enzymatic hydrolysis yield.
Previous researches reported that SCBLF treated yellow poplar could be utilized to produce bioethanol, however pretreatment conditions applied to those researches were somewhat severe to obtain maximum yield Kim et al., 2012) . In comparison to previous studies, in this study tried to find out optimal condition for sugar production and it was obtained with low value of log CS than that of previous studies (150℃ with 1% acid concentration for 10 min (log CS: 1.1). These results might be occurred because of using juvenile lignocellulosic biomass which is less lignified. Compared to the dilute acid pretreatment, similarly, the maximum overall sugar yield was not augmented continuously, however log CS values (between 2.2 and 2.4) achieving the maximum overall sugar yield were 3 times higher than with organosolv pretreatment (Hsu et al., 2010; Jensen et al., 2010) . These results probably related to complex and/or individual degradation aspects of lignocellulosic biomass major components, and further research is required to reveal fundamental characteristics of lignocellulosic biomass and design pretreatment process much economically. ; 5-HMF and furfural: not detected). Consequently, combination of the SCBLF treatment and organosolv pretreatment enhanced not only biomass production but also the pretreatment efficiency, thus maximizing sugar production.
CONCLUSION
Biomass production of yellow poplar was significantly enhanced by the SCBLF treatment, 
